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DETAILED ACTION 

Specification 

1 . The abstract of the disclosure is objected to because the length of the abstract is 
too long (214 words). The abstract should be in narrative form and generally limited to a 
single paragraph within the range of 50 to 150 words. Correction is required. See MPEP 
§ 608.01(b). 

2. The disclosure is objected to because of the following informalities: A word 
"reduced" should be inserted between "The" and "scattering coefficient" in line 8 on 
page 14. Appropriate correction is required. 

Claim Objections 

3. Claims 4, 8, 21 , 24 and 25 are objected to because of the following informalities: 
In regard to claim 4, a term "at" should be added after the "coefficient" in line 2. In 
regard to claim 8, the term "the function" lacks an antecedent basis. In regard to claim 
21 , the phrase "wherein and" should be deleted. In regard to claim 24, the term "the 
function" lacks an antecedent basis. In regard to claim 25, the term "and" before 
"comprising" should be deleted. Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
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invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claim 1 -7, 9 , 1 4-1 6, 1 9-23 and 28 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over U.S. Patent 5,348,002 to Cam (Caro), in view of U.S Patent 
5,743,262 to Lepper, Jr. et al. (Lepper). In regard to claim 1 , Caro disclose an apparatus 
(apparatus, Fig. 1) for assaying a target analyte (analyte in a medium, Col 6 lines 18-30; 
blood glucose, Col 23 lines 6-12) in a localized tissue region (volume of the medium, 
Col 6 lines 1 8-30 and tissue 1 21 , Fig. 1 ) that may include the target and other analytes 
(multi-component mixture, Col 6 lines 5-17; Col 23 lines 6-12): a light source (light 
source 124, Fig. 2) that illuminates the region with light at each of a plurality of 
wavelengths (Col 10 lines 6-10 and lines 36-42) at which light is absorbed and/or 
scattered by tissue in the region (Col 1 5 lines 11-14) wherein light at at least one of the 
wavelengths is absorbed or scattered by the target analyte (optical wavelength range 
between 400nm to 3000nm, Col 10 lines 6-10. Typical glucose concentration is 
measured within the wavelength range); a signal generator (transducer 108, Fig. 1) that 
generates signals responsive to intensity of the light from the light source at different 
locations (Col 14 lines 33-36) in the localized region (Col 6 lines 18-30; Col 14 lines 56- 
66); and a controller (control unit 111, Fig. 2) that: receives the generated signals (Fig. 
2); processes the signals to determine an extinction coefficient (Col 16, lines 34-44) for 
light in the localized region at each wavelength (Equation 1-3, Col 14 line 33- Col 15 line 
39); and determines the concentration of the target analyte responsive to a solution 
(absorption coefficient, Fig. 8 and Col 16 lines 34-66) of a set of simultaneous equations 
(Col 16, lines 45-56 and Col 17 lines 35-65) having as unknown variables of a plurality 
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of analytes in the region (Col 16 lines 34-66), one of which is the target analyte (Col 23 
lines 6-12), wherein each equation in the set expresses a relationship between the 
extinction coefficient (effective attenuation coefficient u. ef f, Col 15 lines 36-38), the 
absorption coefficient (absorption coefficient u. a , Col 15 lines 1-6) and/or the reduced 
scattering coefficient (effective scattering transport coefficient u' s , Col 15 lines 14-19) 
for light at a different one of the plurality of wavelengths (Col 1 5 lines 45-62) and at least 
one of the equations expresses a relationship between the extinction coefficient and the 
reduced scattering coefficient (equations 2 and 3, Col 15 lines 29-38). Caro does not 
specifically disclose the equations having unknown variables concentrations of a 
plurality of analytes. Lepper teaches the determination of the concentration of the target 
analyte (water, Col16 line 66 - Col 17 line 35) responsive to a solution of a set of 
simultaneous equations (equation 7, Col 17) having as unknown variables 
concentrations of a plurality of analytes in the region (water, oil or alcohol, equation 6, 7, 
and 8 in Col 1 7 lines 1 1 -30; concentration of glucose in blood, Col 1 7 lines 30-35). Both 
Caro and Lepper apply Beer-Lambert law to determine the absorption coefficients of 
analytes based on the incident light and the detected light intensities at multiple 
wavelengths. Therefore, it would have been obvious to one with ordinary skill in the art 
at the time of the invention was made to modify the set of simultaneous equations 
(Caro) to the equations having unknown concentrations (Lepper) in order to efficiently 
obtain the concentration information of analytes without comparing to a model of known 
absorption spectrum (Fig. 8 of Caro). 
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In regard to claim 2, Caro discloses the equation that expresses a relationship 
between the extinction coefficient and the reduced scattering coefficient includes a 
dependence on the absorption coefficient (equation 3, Col 15 lines 30-38 and the 
effective scattering transport coefficient u.' s , Col 15 lines 14-19). 

In regard to claim 3, Caro discloses the reduced scattering coefficient at at least 
one of the wavelengths (near infrared wavelengths, Col 15 lines 45-51) is a measured 
value of the reduced scattering coefficient (Col 15 lines 14-19 and lines 45-51). 

In regard to claim 4, Caro discloses the reduced scattering coefficient at at least 
one of the wavelengths (near infrared wavelengths, Col 15 lines 45-51) is a value 
determined responsive to an analytic expression (substitute equations 3 into equation 2, 
Col 15 lines 45-51). 

In regard to claim 5, Caro discloses the reduced scattering coefficient at at least 
one of the wavelengths is expressed as an analytic function (substitute equations 3 into 
equation 2, Col 15 lines 29-51). 

In regard to claim 6, Caro discloses the analytic expression is a function 
(substitute equations 3 into equation 2, Col 15 lines 29-51) of at least one unknown 
variable (absorption coefficient |i a , Col 16 lines 45-66) having a value determinable 
responsive to a solution of the simultaneous equations (Col 1 6 lines 45-66). 

In regard to claim 7, Caro as modified by Lepper discloses each and every 
limitation as discussed above in reference to claim 1 . 

In regard to claim 9, Caro discloses wherein the signal generator comprises at 
least one acoustic transducer (transducer 108, Fig. 1) that generates signals responsive 
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to acoustic energy that reaches the transducer from photoacoustic waves generated in 
the region by the light (Col 9 lines 27-33) . 

In regard to claim 14, Caro discloses the localized region is a bolus of blood (Col 
23 lines 6-12 and claim 8). 

In regard to claim 15, Caro discloses a method of assaying a target analyte 
(analyte in a medium, Col 6 lines 18-30; blood glucose, Col 23 lines 6-12) in a region of 
body tissue (biological tissues, Col 8 lines 26-38) that may include the target and other 
analytes (multi-component mixture, Col 6 lines 5-17; Col 23 lines 6-12) comprising: 
determining an extinction coefficient (effective attenuation coefficient \i e n, , Col 15 lines 
36-38) for light at each of a plurality of different wavelengths (Col 10 lines 6-10 and lines 
36-42) at which light is absorbed and/or scattered by tissue in the region (Col 1 5 lines 
11-14) and wherein light at least one of the wavelengths is absorbed and/or scattered 
by the analyte (optical wavelength range between 400nm to 3000nm, Col 10 lines 6-10. 
Typical glucose concentration is measured within the wavelength range); providing an 
analytic expression (equations 2 and 3, Col 15) for the reduced scattering coefficient 
(Col 1 5 lines 1 4-19) at each wavelength (Col 1 5 lines 29-63); and determining the 
concentration of the target analyte (Col 16, lines 45-56) responsive to a solution 
(absorption coefficient, Fig. 8 and Col 16 lines 34-66) of a set of simultaneous equations 
(Col 16, lines 45-56 and Col 17 lines 35-65) having as unknown variables of a plurality 
of analytes in the region (Col 16 lines 34-66), one of which is the target analyte (Col 23 
lines 6-12), wherein each equation in the set expresses a relationship between the 
extinction coefficient(effective attenuation coefficient |i eff , , Col 15 lines 36-38), the 
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absorption coefficient (absorption coefficient u. a , Col 15 lines 1-6) and/or the reduced 
scattering coefficient (effective scattering transport coefficient u' s , Col 15 lines 14-19) 
for light at a different one of the plurality of wavelengths (Col 1 5 lines 45-62) and at least 
one of the equations expresses a relationship between the extinction coefficient and the 
reduced scattering coefficient (equation 2 and 3, Col 15 lines 29-38). Caro does not 
specifically disclose the equations having unknown variables concentrations of a 
plurality of analytes. Lepper teaches the determination of the concentration of the target 
analyte (water, Col16 line 66 - Col 17 line 35) responsive to a solution of a set of 
simultaneous equations (equation 7, Col 17) having as unknown variables 
concentrations of a plurality of analytes in the region (water, oil or alcohol, equation 6, 7, 
and 8 in Col 1 7 lines 1 1 -30; concentration of glucose in blood, Col 1 7 lines 30-35. Both 
Caro and Lepper apply Beer-Lambert law to determine the absorption coefficients of 
analytes base on the incident light and the detected light intensities at multiple 
wavelengths. Therefore, it would have been obvious to one with ordinary skill in the art 
at the time of the invention was made to modify the set of simultaneous equations 
(Caro) to the equations having unknown concentrations (Lepper) in order to efficiently 
obtain the concentration information of analytes without comparing to a model of known 
absorption spectrum (Fig. 8 of Caro). 

In regard to claim 1 6, Caro discloses the at least one equation that expresses a 
relationship between the extinction coefficient and the reduced scattering coefficient 
includes a dependence on the absorption coefficient (equation 3, Col 15 lines 30-38 and 
the effective scattering transport coefficient u' s , Col 15 lines 14-19). 
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In regard to claim 19, Caro discloses the reduced scattering coefficient at at least 
one of the wavelengths (near infrared wavelengths, Col 15 lines 45-51) is a measured 
value of the reduced scattering coefficient (Col 15 lines 14-19 and lines 45-51). 

In regard to claim 20, Caro discloses the reduced scattering coefficient at least 
one of the wavelengths (near infrared wavelengths, Col 15 lines 45-51) is a value 
determined responsive to an analytic expression (substitute equations 3 into equation 2, 
Col 15 lines 45-51). 

In regard to claim 21 , Caro discloses a method according to claim 15 wherein 
comprising expressing the reduced scattering coefficient in at least one of the equations 
as an analytic function (Col 1 5 lines 1 7-1 9 and equation 3, Col 1 5). 

In regard to claim 22, Caro discloses the analytic expression is a function of at 
least one unknown variable (absorption coefficient u a , Col 16 lines 45-66) having a 
value determinable responsive to a solution of the simultaneous equations (Col 16 lines 
45-66). 

In regard to claim 23, Caro as modified by Lepper discloses each and every 
limitation as discussed above in reference to claim 15. 

In regard to claim 28, Caro discloses the localized region is a bolus of blood (Col 
23 lines 6-12 and claim 8). 

6. Claims 8 and 24 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
the combination of Caro and Lepper as applied to Claims 1 and 15, further in view of 
"Mechanisms of light scattering from biological cells relevant to noninvasive optical- 
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tissue diagnostics" to Mourant J. R. etal. (Mourant), Applied Optics/ Vol. 37, No. 16/01- 
06-1998, pages 3586-3593. Caro discloses the analytic expressions (equations 2 and 3, 
Col 15 of Caro) for calculating the reduced scattering coefficient. Caro as modified by 
Lepper does not specifically disclose the function comprises an expression of the form 
BA." C where A represents the wavelength and B and C are constants. Mourant teaches 
the function (the reduced scattering coefficient u' s (A), equation 5 in the first paragraph of 
the right section in page 3587) comprises an expression of the form BA" C where A 
represents the wavelength (cA" x , second paragraph in the right section in page 3589) 
and B and C are constants (c is an over all amplitude factor, last paragraph in page 
3587; x is the dependence of radius, second paragraph in the right section of page 
3589). The function (Mourant) is an established model for estimating the reduced 
scattering coefficient at multiple light wavelengths. It would have been obvious to one 
with ordinary skill in the art at the time of the invention was made modify the analytic 
expressions (Caro as modified) to incorporate the fitting model (Mourant) in order to 
obtain more accurate estimation of the reduced scattering coefficient. 

In regard to claim 24, Caro as modified by Lepper and Mourant discloses each 
and every limitation as discussed above in reference to claim 8. 

7. Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Caro and Lepper as applied to Claim 1 , further in view of "Noninvasive 
monitoring of glucose concentration with optical coherence tomography" to Esenaliev et 
al. (Esenaliev), Optics Letter, Optical Society of America/ Vol 26, No. 13/07-01-2001, 
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pages 992-994. Caro as modified by Lepper discloses the signal generator comprises 
an optical device (controller unit 183 , Fig. 10 of Caro) that receives light from the light 
source that is scattered from the region (optical fiber means 181 , Fig. 9 of Caro) and 
generates a signal responsive to the scattered light and light from the light source 
reflected by a reflector (beamsplitter 118, Fig. 9 and Col 18 lines 1-30 of Caro). Caro as 
modified does not specifically disclose the signal generator comprises an optical 
coherence tomography device that receives light from the light source that is scattered 
from the region and generates an interference signal responsive to an interference 
pattern between the scattered light and light from the light source reflected by a 
reflector. Esenaliev teaches the signal generator (interferometer, first paragraph in the 
right section of page 992) comprises an optical coherence tomography device (optical 
coherence tomography system, first paragraph in the right section of page 992) that 
receives light from the light source that is scattered from the region and generates an 
interference signal responsive to an interference pattern between the scattered light and 
light from the light source (first and paragraphs in the right section of page 992). Caro 
as modified by Lepper discloses the use of optical fibers (elements 1 1 6 and 1 1 9, Fig. 9 
of Caro), beamsplitter (element 1 1 8, Fig 9 of Caro), and light detector (element 1 41 , 
Fig. 10 of Caro) to detect reflected light signals. It would have been obvious to one with 
ordinary skill in the art at the time of the invention was made to modify the signal 
generator (Caro) to incorporate an optical coherence tomography device (Esenaliev) in 
order to obtain more accurate concentrations of analytes because the OCT techniques 
permits precise measurement of signal changes in the region of interest. 
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8. Claims 11-13 and 25-27 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over the combination of Caro and Lepper as applied to Claims 1 and 15, 
further in view of PCT publication (WO 02/15776 to Nagar etal. (Nagar). In regard to 
claim 1 1 , Caro as modified by Lepper discloses the controller locates the localized 
region (Fig. 1 of Caro; penetration depth d, Col 14 lines 56-66 and equation 4, Col 15 of 
Caro). Caro as modified by Lepper dos not specifically disclose the controller identifies 
and the localized region in a larger region comprising the localized region. Nagar 
teaches the controller (controller 30, Figure) locates and identifies (locates a blood 
vessel in a person's body lines 23-30, page 2) the localized region in a larger region 
comprising the localized region (lines 14-17, page 3). It would have been obvious to one 
with ordinary skill in the art at the time of the invention was made to modify the 
controller (Caro as modified) to locate and identify localized region within a larger region 
base on the analysis of detected photoacoustic signals in order to sufficiently measure 
the concentrations of analytes in the correct region of interest. 

In regard to claim 12, Caro as modified by Lepper discloses the controller 
controls the light source to illuminate the region with light that is absorbed by a 
component characteristic of the localized region (Col 6 lines 5-30 of Caro); receives 
signals generated by the signal generator responsive to intensity of the light (Col 6 lines 
5-17 of Caro) from the light source in different locations in a larger region (Fig. 1 of 
Caro); uses the signals to assay the characteristic component (absorption, Col 6 lines 5- 
14) in different localized regions in a larger region (Fig. 1 of Caro; penetration depth d, 
Col 14 lines 56-66 and equation 4, Col 15 of Caro). Caro as modified by Lepper does 
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not specially disclose the controller identifies and locates the localized region 
responsive to the assay. Nagar teaches the controller (controller 30, Figure) locates and 
identifies (locates a blood vessel in a person's body lines 23-30, page 2) the localized 
region responsive to the assay (lines 14-17, page 3). It would have been obvious to one 
with ordinary skill in the art at the time of the invention was made to modify the 
controller (Caro as modified) to locate and identify localized region base on the analysis 
of detected photoacoustic signals in order to sufficiently measure the concentrations of 
analytes in the correct region of interest. 

In regard to claim 13, Caro as modified by Lepper discloses the apparatus 
comprises at least one acoustic transducer (transducer 108, Fig. 1 1 of Caro), and to 
locate the localized region (Fig. 1 of Caro; penetration depth d, Col 14 lines 56-66 and 
equation 4, Col 15 of Caro) the controller: receives signals generated by the at least one 
acoustic transducer responsive to acoustic energy reflected by features in the larger 
region (Col 6 lines 5-17; Col 14 lines 33-36 of Caro). Nagar teaches the apparatus 
glucometer 60 in the figure) comprises at least one acoustic transducer controllable to 
transmit ultrasound (transducer 62 and 64 in the figure), and to identify and locate the 
localized region the controller:controls the at least one transducer to transmit ultrasound 
into the larger region (lines 23-24, page 2); receives signals generated by the at least 
one acoustic transducer responsive to acoustic energy reflected by features in the 
larger region from the transmitted ultrasound (lines 27-31 , page 2); and uses the signals 
to identify and locate the features and thereby the localized region (lines 27-31 , page 2). 
It is well-known in the art that an ultrasound transducer is capable to generate 
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ultrasound waves when the piezoelectric material coated on the transducer receiving 
electrical energy. Therefore, it would have been obvious to one with ordinary skill in the 
art at the time of the invention was made to modify the ultrasound transducer in the 
apparatus (Caro as modified) to generate ultrasound waves to locate and identify the 
region of interest of the tissue in order to obtain more precise measurements for 
determining the concentrations of analytes in blood. 

In regard to claim 25, Caro as modified by Lepper and Nagar discloses each and 
every limitation as discussed above in reference to claim 1 1 . 

In regard to claim 26, Caro as modified by Lepper and Nagar discloses each and 
every limitation as discussed above in reference to claim 12. 

In regard to claim 27, Caro as modified by Lepper and Nagar discloses each and 
every limitation as discussed above in reference to claim 13. 

9. Claim 17 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Caro and Lepper as applied to Claim 15, further in view of U.S. Patent 
6,751 ,490 to Esenaliev etal. (Esenaliev). In regard to claim 17, Caro as modified by 
Lepper discloses a method to determine the extinction coefficient at least one of the 
wavelengths of the plurality of wavelengths (Col 15 line 2 - Col 16 line 56 of Caro) 
comprises: from a given location illuminating the region with light at the wavelength so 
as to generate photoacoustic waves in the region (Col 13 lines 37-45 of Caro), detect 
the amplitude of the generated photoacoustic waves with increase of distance in the 
tissue region from the given location (Col 22 lines 27-35 of Caro) and determine the 
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extinction coefficient (equation 2 and 3, Col 15 of Caro). Caro as modified also 
discloses to obtain acoustic signal Caro as modified by Lepper does not specifically 
disclose to determine a rate of decrease amplitude of the generated photoacoustic 
waves and determine the extinction coefficient from the determined rate of decrease. 
Esenaliev teaches to determine a rate of decrease amplitude of the generated 
photoacoustic waves (slope, Col 13 lines 19-29 and Fig. 15) and determine the 
extinction coefficient (absorption coefficient, Col 13 lines 19-29 and equations 6 and 7, 
Col 9) from the determined rate of decrease (slope, Col 13 lines 19-29 and Fig. 15). It 
would have been obvious to one with ordinary skill in the art at the time of the was made 
was made to modify the method (Caro as modified) to incorporate the method of 
determining the extinction coefficient base on the rate of changes of the photoacoustic 
signals in different depths of the localized region in order to provide more accurate 
measurement of the concentrations of analytes. 

10. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
combination of Caro and Lepper as applied to Claim 15, further in view of U.S. Patent 
6,751,490 to Esenaliev etal. (Esenaliev) as applied to claim 17, further in view of 
"Noninvasive monitoring of glucose concentration with optical coherence tomography" 
to Esenaliev et al. (Esenaliev), Optics Letter, Optical Society of America/ Vol 26, No. 13/ 
07-01-2001, pages 992-994 as applied in claim 10. In regard to claim 18, Caro as 
modified by Lepper and Esenaliev discloses all claim limitations except a method using 
optical coherence tomography to determine a rate of decrease of intensity of the light 
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with increase of distance in the tissue region from the given location. The NPL of 
Esenaliev teaches using the optical coherence tomography (second paragraph in the 
right section in page 992) to determine a rate of decrease of intensity of the light (slope 
of OCT signal, Fig. 4). It would have been obvious to one with ordinary skill in the art at 
the time of the invention was made to modify the method (Caro) to incorporate an 
optical coherence tomography device (Esenaliev) in order to obtain more accurate 
determinations of the concentrations of analytes because the OCT techniques permits 
high sensitivity and precise measurement of signal changes in the region of interest. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to CHU CHUAN LIU whose telephone number is (571)270- 
5507. The examiner can normally be reached on M-TH 8:00am~5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David J. Isabella can be reached on 571-272-4749. The fax phone number 
for the organization where this application or proceeding is assigned is 571 -273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for published 
applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 
have questions on access to the Private PAIR system, contact the Electronic Business 



Application/Control Number: 1 0/551 ,543 Page 1 6 

Art Unit: 4123 

Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO 
Customer Service Representative or access to the automated information system, call 
800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Eric F Winakur/ 

Primary Examiner, Art Unit 3777 



